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ABSTRACT
HUMAN THERMAL COMFORT IN TRANSITION SPACES
By
Asawari Anil Pawar
Prof. Glenn NP Nowak, Examination Committee Chair
Associate Professor, Department of Architecture
University of Nevada, Las Vegas

Objective: To evaluate and identify the relationship between personal factors and the climatic
conditions that influence the human thermal comfort in transition spaces and suggest solutions for
adaptation of the built environment, that would encourage active and healthy living in the tourist
as well as local community.
Background:
By 2050, there is a prediction that two-thirds of the world population will be living in urban areas,
which would add more than 2.5 billion people living in cities (Melnikov et al., 2017). Since Las
Vegas is one of the fastest growing cities in Nevada, United States (Sharf, 2017), it is critical to
conduct urban studies that focus on climatic conditions and their relation to outdoor thermal
comfort for public spaces. This creates a need to understand the overall constraints and bridge the
gap between existing conditions and expectations of comfort level. Based on thermal conditions
and the responsive nature of the users, improving the built environment in open, semi-open and
closed transition spaces should be a priority. This paper describes an effort to understand and
analyze thermal comfort in the semi-open active transition space of the Fremont Street Experience
in the hot arid desert climate of Las Vegas, Nevada. The research studies utilization of the
iii

transition areas that become apparent to its users and the influential factors such as the fluctuation
in local climatic conditions and the effects that natural and built environment around might have
on these transition spaces. The preference of the users is the result of these effects and fluctuations,
which also creates variation in space adaptation.
Methods:
Field studies were conducted at the Fremont Street Experience (FSE) utilizing photographic
analysis and temperature measurements with a TSI Velocicalc™ Plus and an Infrared
Thermometer. Obtained data were used to understand existing site conditions and to evaluate
alternate solutions for optimizing performance. Tools such as CBE Thermal Comfort Tool for
Comfort Analysis of the users and Rhinoceros software to conduct site-specific Sun & Shadow
Study. Analyzing and evaluating present conditions and proposing effective alternate design
standards are the main objectives of this research. Results provide opportunities to reduce the
overall impact and enhance the potential of creating actively usable built environments.
Results: Photographic analysis and measured weather conditions identified the following
problems related to the present conditions of the study site:
1. The canopy at the Fremont Street Experience (FSE) plays a vital role in creating the
microclimatic conditions throughout the semi-open transition area. The thermal difference
from the adjacent indoor to the outdoor transition space of FSE could be brought close to
one another, and the decreased difference between indoor, outdoor, and under-canopy
temperatures could better address this perceived problem.
2. The outdoor temperature swings in Las Vegas are extreme from nearly forty degrees
between day and night to over 110 degrees in the summer and below freezing in the winter.
iv

The lack of on-site measures that would help in transitioning between ambient indoor/
outdoor temperatures during such extreme conditions is identified as an opportunity to
integrate more adaptive measures.
3. Vegetation can have great impact on thermal comfort when designed appropriately in
conjunction with the surrounding architecture and contextual elements.
With the help of analytical study, requirements for the ideal thermal environment were determined
using qualitative and quantitative analysis.
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DEFINING TERMS
Parameters influencing Thermal Comfort:
Thermal Index or Comfort Scale: Thermal Index or Comfort Scale is a measurement system that
presents the combination of effects of various thermal comfort parameters such as radiation, air
temperature, the velocity of air and humidity.
Air temperature
It is the temperature of the air that surrounds the body. The units for air temperature are degrees
Celsius or degrees Fahrenheit. If the air temperature is known to an individual, he or she can make
a usual estimate, if the surrounding air would feel cold, warm or hot and also if any extreme
temperature fluctuations that can be expected during seasonal variations.
Radiant temperature
The heat radiating from an object that is warm is known as thermal radiation. Radiant heat is sensed
by the users if there are any existing heat sources in the environment. Radiant temperature is highly
influential as compared to air temperature since it reflects if an individual or an object can either
gain or lose heat to the surrounding environment. How external weather conditions influence
radiant temperature, or if there is any equipment in a nearby environment that might produce
humidity also should be considered.
Examples of radiant heat sources include the sun, molten, heated surfaces, flames, operating
machinery, and kitchen equipment such as ovens, dryers or cookers.
Mean Radiant Temperature
If all surfaces in an environment were uniformly at this temperature, it would produce the same
net radiant heat balance as the given environment with its various surface temperatures. The device
used to measure mean radiant temperature (MRT) is a globe thermometer.
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Air velocity
For thermal comfort considerations, air velocity plays an important role. Air velocity provides the
speed of the moving air across an individual and can be expected to be either cold or warm. It
might help to cool down an individual’s body considering if the wind is cooler or drier as compared
to the local environment. Air velocity can warm an individual if the wind is warmer than the local
environment. If the air velocity is low or zero and is warmer than the immediate surroundings,
there is a possibility that people might complain about feeling stuffy. Physical activity also tends
to contribute to increasing the movement of air, so needed minimum velocity of air may be
rectified to accommodate a person's physical activity level. If there are even any minute air
movements in the environments which are cool/colder, an individual might complain of cold
draughts, as they are specifically sensitive to these kinds of cool air movements.
Humidity
If there is heating of water, which later evaporates in the surrounding environment, this can result
in increased water vapor content in the air and increase relative humidity. In such environments,
people may complain of excessive humidity in the air.
Relative humidity
Relative humidity (RH) is defined as the quotient of the amount of water vapor that is existing in
the air to the saturated vapor pressure of water vapor at the specified air temperature.
Dry Bulb Temperature: It is the temperature that is read with the help of an ordinary
thermometer.
Wet Bulb Temperature
It is the temperature that is read with a thermometer whose bulb is covered in a case with a watersaturated wick.
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Sensible Heat: It is defined as heat which can be felt or even measured. This heat always leads to
an increase in temperature level. The units for measurement are degrees (C, F or K).
Radiant temperature asymmetry
If there is a massive difference in the thermal radiation of the surrounding surfaces, there is an
excellent possibility of a person experiencing local discomfort and would be in a condition that
might be beyond the acceptable range. ASHRAE Standard 55 has set specific extents that show
acceptable temperature differences between surrounding surfaces. People are more sensitive to
some asymmetries, for example, that of a warm ceiling versus that of hot and cold vertical areas.
the limits are dependent on which surfaces are involved. The ceiling is not allowed to be more than
+5 °C (9.0 °F) warmer, whereas a wall may be up to +23 °C (41 °F) warmer than the other areas/
surfaces.
Work rate/metabolic heat
Activity level is demonstrated through metabolic rate (met). One metabolic rate (met) is equivalent
to 58 W/m2
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CHAPTER 1

INTRODUCTION
1.1

Problem Statement
This study addresses the questions: “What parameters of the built environment influence

the human thermal comfort in transition spaces?” and “Does the current situation along the
Fremont Street Experience meet the requirement of an ideal thermal environment to the users
who range from local residents to tourists from all over the world?”
1.2

Background Information
For any transition space to function effectively in terms of providing thermal comfort, there

are parameters such as location, as well as social and physical environment that all play
primary roles. This study emphasizes the physical thermal environment and its relation to
human preferences and comfort on site. The level of human comfort is usually controlled by
determining the amount of energy exchange that occurs between the human body and its
surrounding environment. The comfort condition is said to be attained in any space only when
the human body exerts no effort to maintain its 98.7°F constant deep body temperature
(Parsons, 2003). Therefore, the factors contributing to the physical environment, such as
temperature, wind velocity, humidity, solar and infrared radiation, the density the surrounding
the site as well as the personal factors that vary as per an individual’s characteristics, all play
a vital role in determining an individual’s thermal comfort level.

1

The following three aspects need to be considered while conducting the research on human
thermal comfort in semi-open transition space:
1. The influence of microclimatic conditions and environmental parameters on human
thermal comfort.
2. The role of personal factors and their relationship to the surrounding measured
environment.
3. The effects of surrounding built environment and landscape design on site.
1.3

Purpose of Study

Local microclimatic conditions have a great tendency to influence the thermal sensations of
the user and affect the user’s behavioral patterns and preferences. This interdependence can be
examined by also understanding user’s psychological and physical adaptations to a site.

2

CHAPTER 2

LITERATURE REVIEW
2.1

Human Thermal Environment
Humans inhabit a wide range of environments, in which there is a continuous transfer of

energy from one form to another and from place to place. Adapting to the local environment is a
big challenge to every individual, as every human body tends to respond differently to different
conditions. If the levels of energy transfer in and out are beyond the bearable limit of a human
body, or if the body fails to respond to the environment appropriately, the results can be varying
levels of discomfort or even death. The discomfort or extreme condition like death can be due to
the incapability of surviving the strain on the body while using all its resources required to retain
the ideal state (Parsons, 2003). Rates of energy transfer combined with accumulation or loss of
heat from a human body determine if a person is experiencing thermal comfort or is facing extreme
hot and cold conditions. The four basic environmental parameters- air temperature, humidity, air
movement, and radiant temperature, tend to influence the response of the human body to the
surrounding thermal environments. There are six fundamental factors considering that, in addition
to the four environmental factors, metabolic heat is generated due to the activities of the human
body and, heat transfer is affected by the layers of clothing that individual is wearing. During an
analysis of thermal comfort, the representative values for these two personal parameters are
considered to be fixed, although there can be a possibility of variation due to time, space and
preference (Parsons, 2003). However, the critical general factor is how a human body responds
and interacts with these six fundamental factors. The study of the interrelations of these factors
was described in the classic book, Thermal Comfort by Fanger (1970), and can be applied to people
who are inhabiting cold or hot environments. There is a good example presented by Collins (1983),
3

where a child is on the back of a skier. It stated that when they both reached the bottom of the
slope, the child was observed to be suffering from the condition of hypothermia due to inactivity,
whereas the skier was feeling hot and started sweating. The experience of the person skiing was
based on the production of metabolic heat, and the loss of heat that provided by the air temperature
is low, and the relative air velocity across the individual’s body is very high. The results clearly
state how the two individuals responded differently due to experiencing different thermal
environments.
To cope with heat stress, a human body should also have the ability to evaporate and release
that heat in the form of sweating. The layers of protective clothing and the relative humidity are of
utmost importance when dealing with extreme conditions. Many times, assessments of the
environment and its thermal comfort limits are solely based on the air temperature. However, to
get a clear understanding of the thermal comfort preference and requirements, there is a need to
also consider the other five factors (Parsons, 2003). For example, knowing the magnitude of solar
radiation might be of more importance for thermal comfort in vehicles or office spaces than just
having an idea regarding air temperature limits. Instead of considering air temperature as the only
factor that influences comfort conditions, there is a need to describe the other factors more
completely. For instance, in certain situations, there is a possibility that the posture of a person,
due to the activity that he/she is doing can profoundly affect the exchange of heat between the
human body and the surrounding environment. Therefore, understanding behavioral adaptation is
equally important along with the six fundamental factors, which provide the minimum
requirements and can be used to develop the conceptual basis for human thermal preference.

4

2.2

Thermal Comfort

Figure 1 Excess Heat dissipation from an Adult Human (Drawn by Author)
‘That condition of mind which expresses satisfaction with the thermal environment’ is what
is defined as the Thermal Comfort (ASHRAE, 1966; ISO 7730, 2000). This commonly accepted
definition highlights the fact that comfort is a phenomenon that relates to psychological and
physiological conditions. Comfort or satisfaction is very complicated to understand, raising
questions such as “Why does a person describe or relate thermal discomfort or comfort to the
feeling of warmth, pleasure, freshness, etc.?”. Thermal environments affecting these feelings are
easily indicated as the results of not attaining the thermal comfort level, and that is when users will
complain. Health and work efficiency can be affected, which can lead to concerns such as
depression. People using cramped spaces may refuse to work or even be a part of such
environments. For almost all of the 20th century, and also before this time, perceived comfort has
generated keen interest in researching the conditions that are the basis of producing thermal
5

comfort. Research has continued into the 21st century. The focus has not been on analyzing why
people state the condition as comfortable or uncomfortable but instead has been on the given
circumstances that produce acceptable thermal comfort levels and environments. For example, one
question is, “For a set of people, what human thermal conditions will prove to be giving comfort,
and what would be the consequence, concerning to the satisfaction and thermal comfort, of
diverging from these environments?” Thermal comfort and thermal impact can be said to be
phenomena with two extreme situations. The perceived comfort range can span from unbearably
hot conditions to unbearably cold conditions with comfort or, it can have a neutral perception. If
a person moves from a cold to a warm environment, it is more likely for that person to experience
thermal pleasure, developing positive feelings towards that environment. This pleasure can be due
to the lack of comfort that he or she experienced in the previous setting. The immediate experience
he or she received when entering a warm environment can be said to be transient and usually
cannot be observed in a stable-state condition. Hence, the relevant conditions are usually defined
in terms of the mean subjective measure for a set of subjects that can range from providing comfort
conditions to creating a thermal impact.
For example, an admissible thermal environment can be identified as the average rating on
the scale of -3 cold; -2 cool; -1 slightly cool; 0 neutral; +1 slightly warm; +2 warm; +3 hot for a
massive group of people to lie between +1 slightly warm and -1 slightly cool (Nicol et al, 2015).
If an ideal thermal environment is to be built, then the average desired rating should be neutral,
that is 0 (Nicol et al, 2015)

6

2.3

Thermal Comfort using Psychometric Chart

Figure 2 The comfort zone and various types of discomfort outside that zone are shown on this
psychrometric chart (Lechner, N.2015). Reprinted with permission.
People will consider a space thermally comfortable only if it is a result of specific
combinations relating to the relative humidity (RH), movement of air, mean radiant temperature
(MRT) and air temperature. When these parameters are integrated and plotted on a psychrometric
chart, there is a defined area formed, which is known as the comfort zone (Figure 2). The factors
of air movement and mean radiant temperature (MRT) are held fixed on this chart, as they relate
only to the temperature and the humidity. In the figure above, there is also an assumption made
that the MRT is closer to the temperature of the air and also there is a presence of modest air
movement.
It is important to understand that comfort zone does not have absolute boundaries, as it
may vary with culture, time of year, health, individual body type and structure, the type and level
of clothing insulation, and, most importantly, level of physical activity. Considering the comfort

7

conditions should be of utmost importance while designing any space as it defines those conditions
that most people feel comfortable to be a part of. However, additional control systems should be
made available for the users, so that the conditions can be adjusted depending on the average
comfort requirements. For example, Portable fans and heaters, many thermostats, and operable
windows are devices that people can use to adapt to their environment. Mechanical equipment
systems are now commercially available that allows an individual to control thermal conditions at
each workstation.
Figure 2 also shows the type of discomfort an individual experiences outside of the comfort
zone. These discomfort zones also relates to the different climatic conditions. For instance, the
Southwest region has a summer that observes hot and dry weather conditions, whereas winter that
is cold and dry. This type of climate is observed at the lower right and lower left side of the
psychometric chart (Figure 2) respectively. Unfortunately, there are very few climatic conditions
which has a considerate part of the year belonging to the comfort zone (Lechner, 2015).
2.4

Impact of Built Environment on Thermal Comfort

Built environment has a vital role to play when it comes to providing a quality experience to the
users. As it is the bridge between the physical structures where people are actively involved as
well as the supporting urban infrastructure. It has the power to greatly impact the well-being of the
users by controlling the cultural, spatial and thermal environment to which an individual adapts. It
facilitates the quality of its natural environmental assets as well as its structure, forms &
orientation, determines its suitability for creating positive living conditions.
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CHAPTER 3

TRANSITION SPACES
3.1

Definition of Transition Spaces
In an architectural context, transition spaces are those that help in developing practical

convenience, by co-relating the building utilization and giving clarity in large complex structures.
These spaces provide an opportunity to create a seamless inside-outside connection in design but
need to be designed with due consideration of the climatic conditions.
3.2

Importance of Transition Spaces

Exterior Space-------------Transition Space-------------------Interior Space
Figure 3 Examples of Transition Spaces at the University of Nevada, Las Vegas (Photos: By
Author)
Transition spaces (example shown, Figure 3) invite utilization, architecturally break the
monotony of corridors, and also provide places of repose along the circulation paths. Depending
on comfort conditions, such areas can also help in relaxation and unwinding the stress encountered
in our day-to-day living.
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3.3

Types of Transition Space

Figure 4 Types of Transition Spaces (Drawn by Author)
Types of transition spaces are to be identified as the following (Figure 4): (1) Enclosed:
indoor space circulation with greater compartmentalization while being disconnected from the
outdoor space, (2) Semi-Open transition spaces with partial but strong associations to the exterior,
and (3) Open transition spaces which are also prominently known as the outdoor urban circulation
corridors (Pitts, 2007).
3.4

Thermal Comfort in the Transition Space Design
Within buildings, much of the consumption of energy is due to the requirement of

producing comfortable conditions for the human habitation, taking into consideration lighting and
thermal demand. There has been some research carried out towards rearranging transition space
design framework to reduce energy consumption and provide solutions while proposing the built
environment layout (Rajkovich, 2018). However, the amount of energy needed for cooling and
10

heating in many work domains remains considerable to produce ideal conditions for the thermal
built comfort. This helps in leading to the inference that new initiatives and alterations as to how
occupant’s experience, utilize, and interact with the surrounding needs to be explored to maintain
comfort in such spaces. Research in this area would help in emphasizing the study of less focused
spaces of buildings or outdoor environments. That is, those spaces which act as auxiliary or
transition spaces, rather than those which are at the core of the work environment and are designed
for productivity, would, therefore, have requirements that would demand a separate degree of
comfort.
There is often a stronger thermal relation between transition spaces and the outdoor
environment in comparison to the indoors, because of the open setting. Since there is no defined
air circulation/loop system, which leads to generating weaker thermal separation. It is frequently
the case that there is some material separation between transition areas and the enclosed building
envelope, leading to a higher possibility of thermal split and increasing the difficulty of
maintaining the inside-out comfort temperatures (Pitts, 2013). And still the same comprehensive
building service practice and comfort quality are often, if not always, administered to such
transition areas as to the interior, which also has a great potential to affect energy costs.
The objectives of this thesis are to (1) collect research which has been carried out the past
several years, and that has investigated the existing conditions found in such transition areas, and
(2) make observations and measurements regarding human responses and their desired comfort
spaces. Such spaces can be treated with a seamless connection between indoors and outdoors and
since they are used differently with different perceptions by every individual, they hence need
dedicated research, and eventually, their defined design standards. Transition spaces can also be
utilized to help alter and develop the expectations of environmental conditions for users who
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encounter them by moving around in such spaces. While designing these transition areas, there is
a need to take into consideration optimization of energy utilization in such spaces, that would be
beneficial for sustainability concerns in a broader sense while analyzing social, scientific,
environmental and personal factors.
3.5

Urban Transition Spaces as User-Oriented Spaces
Urban landscapes of hot-dry regions especially experience high-intensity solar radiation,

storage of heat in building materials, and reduction in evaporation, which when combined lead to
overheating of outdoor urbanized spaces, thus leading to uncomfortable living environments. The
urban climate is greatly influenced by various factors that comprise the configuration of urban
layout, natural and artificial built environments, urban street composition, geometry, architectural
intricacy, material utilization and interaction through human activities with the surrounding.
Recent studies have shown that the physical layout and material composition of the urban
landscape has profoundly impacted the microclimatic conditions of the urban atmosphere
(Anupriya, 2016). When discussing the thermal comfort conditions required for an outdoor space,
it is necessary to distinguish between public gathering spaces and urban corridors used for
circulation purposes. The study of the relationship between urban corridors and thermal comfort
levels has a very significant role to play concerning energy and its consumption. Urban
transportation systems are said to be the second most aspect that leads to the use of energy in cities
(Rajkovich, 2018).
Moreover, urban transportation also generates air and noise pollution and can lead to traffic
congestion. Limiting the sources of outdoor discomfort and increasing comfortable thermal
environments would promote increased use of walking, bicycling and public transport intending
to develop more sustainable and ecological transport types (Anupriya, 2016). Architect Louis
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Kahn once said that the street was “the first institution of the city,” streets are our most fundamental
common public spaces, but they are also one of the most contested and ignored (Anupriya, 2016).
These kinds of urban areas also host a multitude of activities, including retail businesses, serves a
passageway for the pedestrian movement between the streets, and also acts as a savior to the
inclement weather (Rajkovich, 2018).
Today’s streets are often ignored and are primarily utilized for cars, parking, the
transporting of goods or as pedestrian pathways. However, this has been said to be a recent times
phenomenon, and there have been historical importance to how streetscapes should be designed
(Anupriya, 2016). Across many cultures and times– the street has held immense social, cultural,
religious, commercial, and political significance which acts as a powerful symbol reflecting the
public realm (Rajkovich, 2018). Regarding the urban heat island effect, urban streetscapes play a
vital role in creating urban climatic conditions, often making it thermally uncomfortable for the
people to live in. More research is required in this field (Rajkovich, 2018).
3.6

Factors impacting Space Integration in Urban Corridors

Physiological Impacts:
As a result of repetitive exposure to a stimulus that leads to a gradual decrease strain from
such exposure is what affect the physiological conditions and what requires continuous
“Physiological” adaptation. For instance., the human body tends to cool itself by sweating in hot
conditions. This, in context to the thermal environment, is called physiological adaptation
(Stathopoulos et al, 2004).
Psychological Impacts
For every individual, the idea of comfort level differs and their responses to a physical
stimulus would depend on the statistics that people have for a particular situation and is not based
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on the magnitude. It is necessary to encourage a better perception of space and thereby better usage
of outdoor space for psychological adaptation towards environmental ergonomics (Lin, 2009). To
help in determining people’s understanding level of the conditions, there is a need to analyze the
human’s response to the outdoor environment.
Natural Environmental Impacts
When an environment that is free from artificiality or is found to possess more natural
things and lacks pretensions, then the people are found to be more tolerant of the changes in the
environmental conditions. People are tolerant of more extensive changes in the physical
environment, in places which sees variation in natural climate change. Instead what it is the current
situation, expectations refer to what people want the environment to be. For example, people’s
reply to climatic conditions such as ‘‘for this time of year I would prefer it cooler,’’ or ‘‘it’s
summer it’s meant to be hot’’ (Brager and de Dear, 1998). People and their response can highly
get influenced by the expectation that the individual has in every situation.
Experiential Impact
Experience is what provides a positive or negative feeling towards the space that people
use, and also helps to determine the comfort levels that users would prefer. It has a direct impact
on the expectation of people and can be differentiated into the long and short-term experience.
Short-term experience is about reminiscence and how it has the power to significantly change
people’s expectations. Long-term experience describes the dialectic that people develop in their
minds under various exposed situations. Therefore, the need to alter metabolic heat, moving from
sun to shade, changes in what people are wearing, consumption of beverages, etc., all reflect wellaccepted preferences on the issue of how to tackle the fluctuation in the thermal environment.
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Experience has a significant interrelation with the built environment and can also easily influence
human reactions.
Time of Exposure
Humans exposure duration to the climatic conditions is a factor that has a high impact on
their responses and expectations (M. Nikolopoulou, K. Steemers, 2003). Especially when it comes
to outdoor spaces, time of exposure becomes a critical factor, depending on their preference for
activities, and where people alter the time spent outdoors as per their comfort level and needs. It
is another important parameter which influences people’s decisions.
Environmental Stimulation
Classifying ambient conditions as “neutral” occurs when human beings neither feel ‘warm’
nor ‘cold’. Where the environment reflects few thermal restrictions, then the environmental
stimulation is of crucial importance. This being one of the strengths of such areas and the reasons
for which people are pleased to utilize these spaces. For instance, people perceive the outdoor
atmosphere with fresh air, the sun and a breeze as revitalizing stimulation for the senses,
constituting a space where one would want to spend some time.
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CHAPTER 4

CASE STUDY AND METHODOLOGY
4.1

Introduction of Fremont Street Experience (FSE)

Figure 5 FSE Site Location (Drawn by Author)
After years of development, Fremont Street Experience was transformed in the early
1990’s dramatically from small roadside gambling halls to a completely diversified gaming resort
providing recreation opportunity along the stretch from Main Street to Las Vegas Boulevard.
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Figure 6 FSE Plan View (Drawn by Author)
The Fremont Street Experience that stretches from Main Street to Las Vegas Boulevard,
which is approximately of a 1/4-mile span over western-most five blocks and has enhanced the
neon lights for which Fremont Street is famously creating a place where people can enjoy a nice
pedestrian-friendly environment along the streets, and interactive visual effects-light and sound
shows at night. It acts as a pedestrian mall and attraction in Downtown Las Vegas, Nevada and
also happens to be one of the favorite places to hang out for locals and the tourist attraction in the
heart of the city.
The FSE project is a public-private partnership between the City of Las Vegas and the
Fremont Street Experience Company. The Las Vegas Convention and the Visitor’s Authority also
made a substantial contribution to the project. During development of the FSE project, they had
invested around $70 million into the Fremont Street Experience.
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Timeline Summarization of Fremont Street Experience

Figure 7 Fremont Street Experience Timeline (Las Vegas Online Entertainment Guide, Retrieved
on January 5th,2018)
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Fremont Street Experience Site Study

Figure 8 FSE Elevation-A (Wang, Eddie S. Y. and Jerde Partnership, 1992 via Liu Yihong, 1993)
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Figure 9 FSE Elevation-B (Wang, Eddie S. Y. and Jerde Partnership, 1992 via Liu Yihong, 1993)
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Landscaping and patterned paving formed the street paths to encourage visitors to stroll in
this unique half-open and half-enclosed space. The facade along these five blocks was also
improved to support the place making of Fremont Street Experience. Historic signs are protected
and restored to keep the cultural continuity of the downtown Las Vegas. As visitor stroll through
the pedestrian mall, their eyes are drawn to the sky where overhead spans the space frame. With a
depth of five feet and curved radius of 44 feet, the space frame towers 90 feet above the four blocks
of Fremont Street and made a clear definition to the entire volume of the space. The space frame
connected the whole street and unified the different casinos into one major attraction in the
downtown area.
Though the spaceframe provides some shade from the harsh Las Vegas sun, there was a
need to investigate human thermal comfort conditions on this site, considering the extreme cold
and hot climatic conditions of the city. The case study reflects a compilation of research that was
conducted during the Spring (January 2018 to May 2018) for the existing measured climatic
conditions and its relation to the human thermal preference on site.
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4.2

Methodology

Figure 10 Research Approach (Drawn by Author)
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4.2.1

Data Collection

Figure 11 Measurement site locations (rose-colored circles) Site 1 located near the main stage. Site
2 located near Four Queens Hotel
Location:
Based on the unique utilization patterns, population density, variation in the activities and
temperature readings, the two site locations were selected.
Site-1 is located near the main stage area, where the density and activities of the people
vary upon the context, that is the street performing activities, the bar area near to the stage, the
entry/exit point adjacent to the main stage.
Site-2 is located moreover to the central location of the stretch of Fremont Street
Experience. This site was selected keeping in mind that it acts as a transitional space for vehicular
traffic as well as for the pedestrian traffic. Therefore, the climatic conditions and activities
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performed varies. Though both the locations are along the same stretch, the multiple parameters
relating to its functioning makes each site unique for the analytical purpose.

Figure 12 Equipment used and Date & Day the measurements were taken on-site.
To collect data at the two specific site locations, a preformatted sheet was used to input
values manually while on site. VelociCalc Plus and Infrared thermometer sensor were used to
measure the thermal comfort at the semi-open transition space of Fremont Street Experience. The
temperatures were taken at the height of 1.1 meters above the floor. The sensors that were handheld at the height of 1.1 meters were used to measure the air velocity, relative humidity, air
temperature, and globe temperature.
To understand the variations as per the change in parameters, the measurements were taken
at two different site locations for two different days of each month, starting from January to May
2018. On each day of the site study, the measurements were taken at 3-hour time intervals from 9
AM to 9 PM.
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Figure 13 Location and Surfaces for Temperature Readings (Drawn by Author)
To measure the globe temperature, the tip of the sensor was covered with a 1.5inch pingpong ball. The ball was painted gray, having an emissivity of 0.95. For radiant asymmetry, surface
temperatures were taken using a thermometer at locations as shown in Figure 13. Post survey, the
measurements were taken and stored on an Excel Spreadsheet for analysis. Using data from this
survey and the weather station for daily plots, climate indices such as mean radiant temperature
and effective temperature were calculated. The values from the data collected were input to the
UC Berkeley Thermal Comfort Program version 1.03 (Hoyt et al., 2017).
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4.2.2

Data Analysis:

Table 1 Parameters considered for Data Collection
This section provides an overview of the manual measurements plotted on site and its
statistical representation. The manual measurements were taken based on the parameters
mentioned in Error! Reference source not found.. The statistical representation is further plotted
in psychrometric chart to analyze and understand the comfort conditions and preference of the
users and its relation to the observed climatic conditions on-site.
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CHAPTER 5

RESULTS
5.1

Time & Population

People typically spend 45 min to 2 hr at the
Fremont Street Experience. Figure 14 shows
preferred visiting hours by number of users,
which are observed to be mostly in the evenings.
Weekends usually seem to have more visitors as
compared to the weekdays. Thermal comfort
measurements were taken after every three-hour
interval starting from 9:00 AM to 9:00 PM on
one weekday and one weekend for the months
starting from January 2018 to February 2018.
Independent scores are computed for measured
environmental parameters. Those values are
then inputted in the CBE Thermal Comfort Tool
to analyze the comfort ranges using all the
parameters. The parameters include metabolic
Figure 14 Utilization statistics observed on site rate based on the activity level as well as the
on a daily basis (Drawn by Author)
clothing insulation observed on site.
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Figure 15 Las Vegas Visitor Population. (Data from Las Vegas Convention Center Authority
Annual Report, 2017)
The statistic of the pedestrian count is important while evaluating the site conditions.
According to the Las Vegas Convention Center Authority Annual Report, in 2017 42,214,200
people visited Las Vegas (LVCA, 2017). Out of which, 32 percent visited downtown Las Vegas
and of this percentage, 59 percent visited Fremont Street Experience (LVCA, 2017). The average
daily visitor count for the site is about 25,000. The pedestrian traffic is also seen to double or triple
depending on the special events held on Fremont Street. The research indicates that 80% of the
visitors are from out of town.
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Figure 16 Las Vegas Visitor Population Distribution. (Data from Las Vegas Convention Center
Authority Annual Report, 2017)
The research states that 81% of the population is from the United States while 19%
population are foreign visitors. The population distribution is as follows: 7% from the Eastern
States, 15% Southern, 10% Midwestern, 49% Western and 19% Foreign. It is important to
highlight these statistics, because people coming from different countries and states, might be a
part of different climatic conditions. Therefore, their thermal preferences may vary and that is
prominently observed through their personal factors.
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5.2

Climatic Conditions
Being a part of Mojave Desert, the city of Las Vegas has a subtropical desert climate. It

observes significantly long, extreme summer conditions, and is typically warm when there is a
season change. The winters are comparatively shorter as it progresses from mild to cold.
Las Vegas observes subtropical desert climate, which is typical of the Mojave Desert, in
which it lies. It is known for having long and very hot summer conditions along with considerable
warm transition from one season to another, further moving to mild to chilly winter conditions. .
Good amount of sunlight is received throughout the year, with 310 sunny days on an average and
bright sunshine during 86% of all daylight hours. There is about 4.2” average of a dispersed rainfall
ranging roughly from 25 to 27 total rainy days per year. It has very low humidity that at times
remain below 10% along with having low dew points.

Figure 17 Annual Temperature Readings (Data from NOAA National Centers for Environmental
Information, 2017 & Drawn by Author)
The summer months of June through September are sweltering, though moderated by
extremely low humidity. July is considered to be the hottest month in the city, with an average
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daytime high of 104.2 °F (40.1 °C). On average, 134 days per year reach or exceed 90 °F (32 °C),
of which 74 days reach 100 °F (38 °C) and seven days reach 110 °F (43 °C). During the peak time
of summer, overnight lows frequently remain above 80 °F (27 °C) and occasionally above 85 °F
(29 °C). While most summer days are consistently hot, dry, and cloudless, the North American
Monsoon sporadically interrupts this pattern and brings more cloud cover, thunderstorms,
lightning, increased humidity, and brief spells of heavy rain. The window of opportunity for the
monsoon to affect Las Vegas usually falls between July and August, although this is inconsistent
and varies considerably in its impact from year to year. A significant diurnal variation marks
summer in Las Vegas; while less extreme than other parts of the state, nighttime lows in Las Vegas
are often 30 °F (16.7 °C) or lower than daytime highs.

Figure 18 Annual Wind Velocity (Weather Sparx, 2017)
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Figure 19 Annual Relative Humidity (Weather Sparx, 2017)
Las Vegas winters are short and generally very mild, with chilly daytime temperatures.
Like all seasons, sunshine is abundant. December is both the year's coolest and cloudiest month,
with an average daytime high of 56.6 °F (13.7 °C) and sunshine occurring during 78% of its
daylight hours. Winter evenings are defined by clear skies and sudden drops in temperature after
sunset, with overnight lows sinking to 39 °F (3.9 °C) or lower during the majority of nights in
December and January. Owing to its elevation that ranges from 2,000 feet to 3,000 feet, Las Vegas
experiences markedly cooler winters than other areas of the Mojave Desert and the
adjacent Sonoran Desert that are closer to sea level.
Consequently, the city records freezing temperatures an average of 16 nights per winter.
However, it is scarce for temperatures to fall to or below 25 °F (−4 °C), or for temperatures to
remain below 45 °F (7 °C) for an entire day. Most of the annual precipitation falls during the winter
months, but even the wettest month (February) averages only four days of measurable rain.
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5.3

Sun and Shadow Study

Sun plays a key role in earth's solar system, and therefore it is vital to understand if the sun path
along the specified site during the measured timeframe would provide an opportunity or prove to
be a threat.
The phenomena of day and night are the resultant of the earth's rotation about its orbit on a fixed
plane tilting about 23.5° around the sun. The geographic location that is the latitude of the site and
the time of the year is what determines the day and night length. With 36.1699° N latitude, Las
Vegas falls in the Northern hemisphere, observing the longest day of 15 hours on June 21st during
the summer solstice and the shortest day of approximately 9 hours on December 21st during the
winter solstice.
The data was retrieved for the same dates as specified in Figure 12 to conduct the site-specific
study, starting from the month January 2018 to May 2018. Sun’s altitude and the azimuth angle
plays an important role in this analytical study. Sun’s altitude angle is measured perpendicularly
to the horizontal axis and the azimuth angle is the distance that is observed in a clockwise direction
along the horizon. Sun and shadow study were conducted by using the altitude and azimuth angle
values in the Rhinoceros modelling software for the Fremont Street Experience site.
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Figure 20 Readings for Sun and Shadow Analysis (Data for Sun Altitude and Avg. Azimuth
Angle Retrieved from Copyright © Time and Date AS 1995-2018. All rights reserved)
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Figure 21 Sun & Shadow analysis for January 25th, 2018 for 3-hour interval from 9 AM to 9 PM
(Data from Copyright © Time and Date AS 1995-2018. All rights reserved and study presented by
Author)

Figure 22 Sun & Shadow analysis for January 27th, 2018 for 3-hour interval from 9 AM to 9 PM
(Data from Copyright © Time and Date AS 1995-2018. All rights reserved and study presented by
Author)
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Figure 23 Sun & Shadow analysis for February 6th, 2018 for a 3-hour interval from 9 AM to 9 PM
(Data from Copyright © Time and Date AS 1995-2018. All rights reserved and study presented by
Author)

Figure 24 Sun & Shadow analysis for February 16th, 2018 for a 3-hour interval from 9 AM to 9
PM (Data from Copyright © Time and Date AS 1995-2018. All rights reserved and study presented
by Author)
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Site specific observations for the month of January and February 2018:
January 25th and January 27th, the sunrise is observed from the East-South-East (ESE) direction
around the average time of 6.45am, and the sunset is seen to be in the West-South-West direction
around the average time of 4.45 pm. The resultant daylength is of approximately 10 hours. During
the winter the sun path is the lowest in the sky. Through the study presented it can be further
observed that the direction of the shadow is based on the azimuth angle and the length of the
shadow is dependent of the sun’s altitude. Since the altitude of the sun is lower in the month of
January, the buildings which are approximately 180 ft tall in the surrounding context of the site,
casts much longer shadow over the canopy. Cloud cover also plays an important role in
understanding the weather conditions for a particular day and time. For example, though the air
temperature might be low (as observed in Table 2), due to the partly sunny climatic condition on
January 27th at 9 AM an individual might experience more comfort than the one who would be a
part of scattered clouds on January 25th at 9 AM.
Similar kind of observations can be made for the readings of February 6th and February 16th, where
gradual increase in the sun’s altitude as compared to the month of January can be observed. With
average cover being sunny clear to clear, this can be utilized as an opportunity on site for heat gain
during the cold and dry weather conditions observed as per Figure 35.
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Figure 25 Sun & Shadow analysis for March 8th, 2018 for a 3-hour interval from 9 AM to 9 PM
(Data from Copyright © Time and Date AS 1995-2018. All rights reserved and study presented by
Author)

Figure 26 Sun & Shadow analysis for March 18th, 2018 for a 3-hour interval from 9 AM to 9 PM
(Data from Copyright © Time and Date AS 1995-2018. All rights reserved and study presented by
Author)
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Observations for the month of March 2018:
On March 8th, the sunrise was observed at around 6 AM (97°) and sunset at 5.40 PM (264°),
increasing the daylength to almost 11:30 hours on site. Similarly, for March 18th the sunrise was
observed at around 6.47 AM (90°) and sunset at 6.50 PM (270°), increasing the daylength to almost
12 hours on site. The date of March 18th is observed to be closer to the Spring Equinox, which is
also known as the Vernal Equinox that happens around 19th to 21st of March each year.
Spring Equinox is a phenomenon where the earth’s rotation about its axis is tilted neither
away nor towards the sun but can be said to be relatively straight. Also, during this time the sun is
observed to be closer to the Earth’s equator, resulting to approximately equal length of day and
night. As, March marks the beginning of the Spring season, the altitude is seen to have increased.
Spring acts as the transitioning season for the sun’s altitude which was observed to be lower during
the winter and which is seen to be getting higher as it proceeds towards the summer.
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Figure 27 Sun & Shadow analysis for April 7th, 2018 for a 3-hour interval from 9 AM to 9 PM
(Data from Copyright © Time and Date AS 1995-2018. All rights reserved and study presented by
Author)

Figure 28 Sun & Shadow analysis for April 18th, 2018 for a 3-hour interval from 9 AM to 9 PM
(Data from Copyright © Time and Date AS 1995-2018. All rights reserved and study presented by
Author)
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Figure 29 Sun & Shadow analysis for May 9th, 2018 for a 3-hour interval from 9 AM to 9 PM
(Data from Copyright © Time and Date AS 1995-2018. All rights reserved and study presented by
Author)

Figure 30 Sun & Shadow analysis for May 20th, 2018 for a 3-hour interval from 9 AM to 9 PM
(Data from Copyright © Time and Date AS 1995-2018. All rights reserved and study presented by
Author)

41

Observations for the month of April & May 2018:
During the months of April to May, the average daylength is around 13 hours and sun altitude is
seen to have reached 63° for April and 72° for May. As the sun would get higher, the length of
shadow casted on the canopy by the surrounding building would be reduced and more surface area
of the site would be exposed to the heat gain. The design for such kind of weather conditions which
might later reach to extremes during the summer, requiring special consideration. It is during this
month that the design of transition between the indoor to outdoor would be of greater importance.
Temperature Gradient observed from Outdoor to Indoor Space

Figure 31 Temperature Gradient from Outdoor to Indoor for Winter (Drawn by Author)
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Figure 32 Temperature Gradient from Outdoor to Indoor for Summer (Drawn by Author)
Figure 31 and Figure 32 shows the temperature difference between the interior casino
buildings in relation to the outdoor conditions. It is observed that the indoor temperatures in the
casinos are set as per the thermal comfort requirements of the users and the outdoor climatic
conditions. For example, during the winter months on the site, it is observed that due to extreme
low air temperatures, the casino’s maintain warmer indoor temperature. Similarly, during extreme
high summer conditions, the casino’s maintain cooler indoor temperature’s as desired by the users.
The entry/exit points that connect the indoor-outdoor spaces are critical and require special
attention, as these spaces are highly affected by the heat gain or heat loss.
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5.4

On-site Climatic Conditions and thermal comfort assessment using CBE Thermal
Comfort Tool

(Hoyt et al., 2017)
The measurements were taken on site using the weather sensors and were formatted in an excel
sheet for reference. The data collection was then utilized in the CBE Thermal Comfort Tool in
order to assess and analyze existing thermal comfort conditions on-site.

Figure 33 Metabolic Rate observed On-site (Photos by Author)
To evaluate and analyze the performance on site, PMV Method in the comfort tool was used. The
input value for MET was based on three average circumstances as seen in Figure 33. The three
conditions considered were a person seating with MET=1.0 (Figure 33-A), a person standing
relaxed with MET=1.2 (Figure 33-B), and a person who is walking at 3mph with MET= 2.6 (Figure
33-C). Also, in order to input the value for clothing, average clothing conditions for that particular
time of the day when the reading was taken, was considered.
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Climate Analysis for the month of January 2018
Table 2 On-site data collection- January 2018

where, Tair is the measured air temperature, Tg is the globe temperature, Ws is the Wind speed
and RH is the relative humidity.
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COMFORT
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HUMIDITY RATIO (gw/ kgda)

RELATIVE HUMIDITY

TEMPERATURE

Figure 34 Thermal Comfort Assessment for January 2018 using CBE Thermal Comfort Tool
(Hoyt et al., 2017)
It is observed through the measurements, that the month of January has lower air
temperature but comparatively higher relative humidity than the month of February and March
(Figure 35 and Figure 36). It can be observed in the sun and shadow study in Figure, that there is
little to no presence of sunlight during the two days when the readings were taken, especially due
to the shadows that covered the majority portion of the canopy with the lower sun altitude angle.
This can highly influence the microclimatic conditions under the canopy, as due to no direct heat
gain on the site, the space would feel more cooler and the thermal comfort for the users can also
be affected creating possibly unbearably cold comfort conditions.
To attain comfort requirement, it can be observed that the air temperature and relative
humidity needs to be increased on site during the month of January.
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Climate Analysis for the month of February 2018
Table 3 On-site data collection- February 2018

where, Tair is the measured air temperature, Tg is the globe temperature, Ws is the Wind speed
and RH is the relative humidity.

COMFORT
ZONE

HUMIDITY RATIO (gw/ kgda)

RELATIVE HUMIDITY

02/06/2018

02/16/2018

TEMPERATURE

Figure 35 Thermal Comfort Assessment for February 2018 using CBE Thermal Comfort Tool
(Hoyt et al., 2017)
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Climate Analysis for the month of March 2018
Table 4 On-site data collection- March 2018

where, Tair is the measured air temperature, Tg is the globe temperature, Ws is the Wind speed
and RH is the relative humidity.

COMFORT
ZONE

HUMIDITY RATIO (gw/ kgda)

RELATIVE HUMIDITY

03/08/2018

03/18/2018

TEMPERATURE

Figure 36 Thermal Comfort Assessment for March 2018 using CBE Thermal Comfort Tool
(Hoyt et al., 2017)
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The measurements for the month of February and March show similar air temperatures but
here it is noticed the value for relative humidity is also comparatively lower. Lower the relative
humidity the more drier conditions experienced, further reducing the chances of releasing the heat
from body that could have been attained in the form of sweat in the acceptable humid conditions.
This kind of condition, where the body does not have an alternate way to release the thermal stress
can put the health of a person at risk and would require caution. In order to deal with the cold
temperatures, modification in activities or clothing insulation by a person can help in sufficing the
need of thermal balance, which is further elaborated in section 5.4.1.
While comparing the thermal comfort assessment for the month of March (Figure 36) to
the sun and shadow study (Figure 25 and Figure 26), it can be observed that as the sun altitude
goes higher, there is some part of the site that experiences heat gain around 12 PM to 3 PM. With
this phenomenon of heat gain, the readings can be seen to be closer the desired comfort zone. If
the temperature and relative humidity is increased to a certain extent through design modifications,
the desired comfort level can be easily attained.
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Climate Analysis for the month of April 2018
Table 5 On-site data collection- April 2018

where, Tair is the measured air temperature, Tg is the globe temperature, Ws is the Wind speed
and RH is the relative humidity.

COMFORT
ZONE

HUMIDITY RATIO (gw/ kgda)

RELATIVE HUMIDITY

04/07/2018

04/18/2018

TEMPERATURE

Figure 37 Thermal Comfort Assessment for April 2018 using CBE Thermal Comfort Tool (Hoyt
et al., 2017)
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Climate Analysis for the month of May 2018
Table 6 On-site data collection- May 2018

where, Tair is the measured air temperature, Tg is the globe temperature, Ws is the Wind speed
and RH is the relative humidity.

COMFORT
ZONE

HUMIDITY RATIO (gw/ kgda)

RELATIVE HUMIDITY

05/09/2018

05/20/2018

TEMPERATURE

Figure 38 Thermal Comfort Assessment for May 2018 using CBE Thermal Comfort Tool
(Hoyt et al., 2017)
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The measurements, for the month of April and May 2018 are seen to be varying significantly than
that from January to March. There are sometimes during the month of April, where the points lie
in the comfort zone, due to the acceptable comfort conditions observed on site. Also, the other
points plotted, seem to be comparatively near to the comfort zone and slight modification on site
can help in ameliorate the conditions on site to meet the requirement during the month of April.
For the month of May, the air temperature is seen to be higher with lower relative humidity. As
the air temperature increases towards the summer season, there is more possibility of heat stress
to be observed, which might put an individual’s health at risk and could even lead to heat
exhaustion or heat stroke. The observed temperature for the month May indicates the readings to
be moving towards the hot and dry conditions. In order to compensate for the extreme hot
conditions, the intent should be of reducing the air temperature and slightly increasing the relative
humidity through introducing elements which would further facilitate the requirements.
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HUMIDITY RATIO (gw/ kgda)

RELATIVE HUMIDITY

COMFORT
ZONE

TEMPERATURE

Figure 39 Thermal Comfort Assessment for January to May 2018 using CBE Thermal Comfort
Tool (Hoyt et al., 2017). Climate data collected and plotted by Author.
The plotted points on the psychometric graph above is a compilation of all the measured
temperature readings from the month January to May 2018. It can be seen how as the months move
from winter towards late spring, the readings tend to move towards the right, which is the hot and
dry discomfort region. Further assumption can be made that as the season would change to summer
on site, the temperature would tend to increase with great possibility of the relative humidity to be
decreasing, resulting to extreme and unbearable hot and dry climatic conditions on-site.
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5.4.1

Influence of Activity level and Observed Clothing Preference

Both activity level and clothing insulation play a vital role in determining the thermal sensitivity
for an individual based on the heat-balance model.
Work rate/metabolic heat

Figure 40 Metabolic Rate in relation to the Activity Performed (Data from Melnikov et al., 2017
and Drawn by Author).
The average metabolic rate observed on site ranges from 1.0 to 2.6, as there is variation in activities
performed.

Figure 41 Activities Performed On-Site (Photos by Author)
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Physical activity level has a great influence on determining the metabolic rate, which is the total
energy produced in the human body by converting food in unit time. Work rate/ metabolic rate is
related to the kind of exertion we do, and the heat produced by that exertion. It is the basic concept,
where production of heat is more when more exertion is done, and therefore in order to balance,
there would a need for releasing an equal amount of heat as generated. Therefore, a person’s
physical attributes should always be critically considered, when determining thermal comfort, as
factors such as weight, age, size, sex, fitness level, etc can be detrimental in knowing, how they
perceive comfort level, though all the other factors like air velocity, temperature, humidity might
be constant.
For example, in a cold climate, the person who is performing physical activity such as
walking, running, jumping, etc would feel more comfortable, as compared to a person who is
seating or standing. There is more possibility of a person who is physically more activity to be
more near to the comfort zone than the people seating or standing. Therefore, the analysis helps in
understanding the role of static and dynamic motion in predicting the thermal comfort in any
specific climate.
5.4.2

Clothing as an Insulation

Figure 42 Clothing Insulation Values (Clark and Edholm, 1985 via Parsons, K. 2003)
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Figure 43 On-site observed Clothing Insulation (Photos by Author)
Clothing insulation is expressed in terms of clo units. 1 clo= 0.155 m2K/W (Clark and Edholm,
1985 via Parsons, K. 2003)
Clothing acts as an insulation that protects the human body from the surrounding environment and
resists the loss of heat from an individual’s body. The Figure 42 shows the values assigned to
different combination of clothes per it’s insulation level. The insulation level provided by one’s
clothing has a major influence on the thermal comfort condition that one would observe., if there
is not enough amount of required insulation for protection from cold conditions, one may be at
risk, in regard to suffering from hypothermia or even injuries caused due to cold. (eg. frostbite).
The level of clothing can play two roles; it can either cause the wearer discomfort or it can help in
controlling and adapting to the climatic conditions, one has to be a part of. Therefore, during the
months of January to March 2018, the average clothing insulation value was observed to be 0.96,
with people wearing multiple layers of clothes, to protect themselves from extreme cold weather
conditions. Also, observations were made, regarding the different thermal preferences depending
on the age, gender, weight, familiarity with the weather conditions, depending on if the individuals
were locals or tourists who have experienced similar or different climatic backgrounds. So, the
insulation basically depends on what climatic conditions one is dealing with and what is one’s
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preference for thermal comfort. Therefore, it is important to have due consideration regarding the
effects of the clothing level in order to identify the comfortable or discomfort-able conditions for
the users. While evaluating the present level of clothing preference, it can be seen that depending
on the age, gender, weight, immune system an individual with multi-layered clothing can still feel
cold and would have to change activity or posture, for example, folding hands or keeping hands in
pocket (Figure 43-C) than a person who is lightly clothed and has different set of thermal
requirements (Figure 43-B & D).
5.4.3

Influence of Beverage Consumption on Thermal Comfort

Figure 44 Influence of Beverage Consumption on Thermal Comfort (Photos: By Author)
Consuming cold or hot drinks is one way to alter the metabolic rate as a behavioral action to make
individuals feel thermally comfortable. As it was observed (Figure 44), almost 60% of users
occupying the space consumed hot beverages or smoked in order to heat the body internally to
cope the surrounding cold weather conditions. Also, there have been times where people preferred
cold drinks or alcoholic beverages, to attain the thermal balance. It can also be said, that the
preferences for beverage consumptions also depends on multiple factors like activity, clothing and
different thermal requirements by every individual. Beverage consumption is considered as an
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alternative for the metabolic rate that helps in mitigating the thermal comfort balance. According
to Nikolopoulou and Steemers (2003), this can also relate to the experience that people have gained
through the years about adapting to certain spaces. This kind of experience majorly influences the
preferences and their expectations. Researches have shown that people tend to choose whether to
prefer hot or cold beverages depending on the culture of the environment or on the climatic
conditions of that space (Nikolopoulou and Steemers, 2003). Observation of the variation in
beverage consumption per an individual’s preference in relation to all the factors that influence
thermal comfort, further explains how adaptation is approached on site.
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5.5

Predicted Mean Vote/ Predicted Percentage Dissatisfied Method (PMV/PPD
Method)

Figure 45 PMV/PPD Assessment Scale (Data from Hoof, J. 2008 and Drawn by Author)
P.O Fanger developed the Predicted Percentage Dissatisfied/ Predicted Mean Vote Method with
the use of the experiential studies about skin temperature and the heat-balance equations in order
to provide a definition for thermal comfort (Fanger, 1967). Standard thermal comfort surveys ask
subjects about their thermal sensation on a scale of seven points from cold (-3) to hot (+3)
(Fanger,1967). To calculate the Predicted Mean Vote (PMV) for a large group of people, Fanger’s
equations are used, with a particular combination of air temperature, metabolic rate, relative
humidity, airspeed, clothing insulation and mean radiant temperature. Representing thermal
neutrality, zero is said to be the optimum value and the comfort zone is known by the combining
the six parameters for which the PMV is within the proposed limits (Hoof, J. 2008). Though it is
an important step to determine what would be the comfort conditions predicting the population’s
thermal sensation, but it would be more useful to consider people’s satisfaction level. Fanger
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developed another equation to relate Predicted Percentage of Dissatisfied (PPD) and PMV. The
equation for PPD based on PMV is as follows:
(Kahkonen, E., 1991)
This was done by carrying out a survey with a group of individual’s in a chamber where the
conditions inside could be changed and tested.
This survey determines a method where the characteristics of all the individuals in that group are
considered to be the same, disregarding the time, place and how their unique individual
characteristics, if it would have been considered, could lead to different ways in which they
adapt. It directly states that the requirement of the temperature to be same in that space and should
not be changed with variation in climatic conditions or seasonal fluctuation. It assumes that one
particular temperature is to be fixed for the year-round. As this is set as a constant, it is randomly
concludes that individuals, do not have to adapt per the variation in characteristic’s or even
different temperature conditions.. Since this method is based on the thermal neutrality and does
not consider adaptation, or direct measures for thermal acceptability or satisfaction the reliability
of the method seems quite questionable. It can be said that thermal neutrality can not necessarily
be the desired or preferred condition on site. The PMV model is utilized by ASHRAE Standard
55-2010, to determine the requirements of the comfort conditions, According to that, at the
minimum, 80% of the users are required to be experiencing comfort. (ANSI/ASHRAE Standard
55, 2013).
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Table 7 PMV and PPD readings for the Seating Posture for the month of January

Table 8 PMV and PPD readings for the Standing Posture for the month of January
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Table 9 PMV and PPD readings for the Walking Posture for the month of January

Figure 46 PMV/ PPD Readings for People Performing Different Activities for the month of
January (Drawn by Author)
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Figure 47 PMV/ PPD Combined Readings for Different Activities Performed for the month of
January (Drawn by Author)
Table 10 PMV and PPD readings for the Seating Posture for the month of February
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Table 11PMV and PPD readings for the Standing Posture for the month of February

Table 12 PMV and PPD reading for the Walking Posture for the month of February
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02/06/2018

02/16/2018

Figure 48 PMV/ PPD Readings for People Performing Different Activities for the month of
February (Drawn by Author)

Figure 49 PMV/ PPD Combined Readings for Different Activities Performed for the month of
February (Drawn by Author)
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Table 13 PMV and PPD reading for the Seating Posture for the month of March

Table 14 PMV and PPD reading for the Standing Posture for the month of March
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Table 15 PMV and PPD reading for the Walking Posture for the month of March

03/08/2018

03/18/2018

Figure 50 PMV/ PPD Readings for People Performing Different Activities for the month of
March (Drawn by Author)
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Figure 51 PMV/ PPD Combined Readings for Different Activities Performed for the month of
March (Drawn by Author)
Table 16 PMV and PPD reading for the Seating Posture for the month of April
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Table 17 PMV and PPD reading for the Standing Posture for the month of April

Table 18 PMV and PPD reading for the Walking Posture for the month of April
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04/07/2018

04/18/2018

Figure 52 PMV/ PPD Readings for People Performing Different Activities for the month of April
(Drawn by Author)

Figure 53 PMV/ PPD Combined Readings for Different Activities Performed for the month of
April (Drawn by Author)
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Table 19 PMV and PPD reading for the Seating Posture for the month of May

Table 20 PMV and PPD reading for the Standing Posture for the month of May

Table 21 PMV and PPD reading for the Walking Posture for the month of May
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05/09/2018

05/20/2018

Figure 54 PMV/ PPD Readings for People Performing Different Activities for the month of May
(Drawn by Author)

Figure 55 PMV/ PPD Combined Readings for Different Activities Performed for the month of
May (Drawn by Author)
In Figure 46 to Figure 55 the values of PMV and PPD are plotted using the results from CBE
Thermal Comfort tool for the month of January 2018. It can be seen the acceptability level changes
as per the change in metabolic rate. With low temperatures, the person seated seems to be the most
dissatisfied than a person who would be standing. The person walking with 3mph is seen to be
closer to being thermally neutral, as with physical activity the heat generated by the body seems
to balance with the surrounding cold temperatures. It is observed that all the six fundamentals
factors are important while determining the Predicted Mean Vote as well as the Predicted Percent
Dissatisfied on site.
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5.6

Shifting of the Comfort Zone

HUMIDITY RATIO (gw/ kgda)

Observed Shifting of comfort range on site as per climatic variation

Figure 56 Thermal Comfort Assessment using CBE Thermal Comfort Tool (Hoyt et al., 2017).
Observed shifting of Comfort Zone Requirements for the month of January to March 2018 (Drawn
by Author)
The comfort zone will shift on the psychrometric chart if we change some of the
assumptions made above. The shift of the comfort zone is due to the decrease in the MRT. Warmer
air temperatures are required to compensate for the cold stress generated in one’s body due to lack
of heat dissipation i.e if the air temperature is lower, the body temperature of an individual needs
rise in order to meet the thermal comfort requirement, either by being physical active or through a
fluid source that would help in balancing and moving towards the comfort zone.

73

HUMIDITY RATIO (gw/ kgda)

Figure 57 Thermal Comfort Assessment using CBE Thermal Comfort Tool (Hoyt et al., 2017).
Observed shifting of Comfort Zone Requirements for the month of April & May 2018 (Drawn by
Author)
Likewise, an increase in MRT would have to be counter-balanced by a decrease in the body
temperature (Figure 57). This can be done either by relaxing your body or introducing a cooler
fluid source.
For example, a room with a large expanse of glass must be kept warmer in the winter and
cooler in the summer than a room with a more modest window area. The large window area creates
a high MRT in the summer and a low MRT in the winter. For every degree increase or decrease in
MRT, the air temperature must be adjusted a degree in the opposite direction. For every increase
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of 15 fpm (0.8 m/s) of airspeed, the comfort zone will shift 1-degree warmer (to the right)
(Thorsson S, Lindqvist M, Lindqvist S., 2004).
5.7

Local thermal discomfort

This is said to be another factor that influences thermal comfort of the user’s in that particular
space. Though it is said that an individual’s entire body condition determines the thermal comfort
or discomfort, it can be true for just a part of the body too. This is because of the variation in the
conditions of heating, cooling and movement of air. Also, it is important to consider the four
factors that influence the thermal comfort. For example, in spring, a person who has worn layers
of clothing and is physically inactive might feel more uncomfortable due to cold than a person
who has worn layers of clothing and is physically active. As the metabolic rate changes and/or if
there is a change in the clothing insulation, variation in an individual’s thermal sensitivity is
observed. Temperature difference on the surrounding surfaces also plays a very important role in
determining the comfort conditions. For example, during summer, the heat absorbed by the floor
on site, would radiate slowly in the upwards direction, which might also increase an individual’s
body temperature. With higher air temperature and higher body temperature, it is more likely that
the individual is uncomfortable in those conditions. Whereas, if the same amount of heat is
absorbed by the floors during winter and with radiation transferred to an individual’s body, it might
be creating comfort conditions with relation to the lower air temperatures. As no significant floorceiling-wall radiant asymmetry was observed during the month of January to April on site, there
was little to no local discomfort caused on site.
Figure 58 shows the local discomfort analysis for May 9th, at 3 PM when the wind speed had read
952.5 fpm. In the figure 58, it can be seen that though there is no apparent radiant asymmetry, and
air draft and vertical temperature differences comply to the expected ASHRAE standard’s and
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higher air speed causes the local discomfort at the site, leading to 83% Predicted Percentage
Dissatisfied. A thermal barrier or buffer zone at the entry/exit location of site, can help in reducing
the air speed in the transition space.

Figure 58 Local Discomfort Assessment using On-site Readings for May, 9th 2018 at 3 PM (CBE
Thermal Comfort Tool screen output from data entered by author
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Using CBE SolarCalc for the month of May 2018

Figure 59 Shortwave Radiation Calculation Using On-Site Readings for May 9th, 2018 at 12pm
(Output from CBE Thermal Comfort tool using data entered by author and NREL Climate
database)

Figure 60 Shortwave Radiation Calculation Using On-Site Readings for May 9th, 2018 at 3pm
(Output from CBE Thermal Comfort tool using data entered by author and NREL Climate
database)
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SolarCal, a simplified whole-body model for the thermal comfort effects of shortwave solar
radiation (Arens et al, 2015). The shortwave absorptivity of the occupant may range widely
depending on the color of the occupant’s skin, as well as the color and amount of clothing
covering the body. (Arens et al, 2015)
The above shortwave radiation is calculated for two different activties on May 9th, 2018, at 3 PM
when the city experienced its first 3-digit temperature for this year’s summer. To input, the direct
beam solar radiation and solar altitude the values were taken from the NREL’s Climate
Database. Comparing Figure 49 and Figure 50, the Mean Radiant Temperature (MRT) changes
with change in activity, altitude and Direct beam solar radiation. It can be observed that when all
the other parameters are kept constant and only the posture is changed the resultant MRT and
Effective Radiant Field (ERF) would be less for a person standing than a person seating.

Figure 61 Las Vegas Annual Solar Radiation (Weather Sparx, 2017)
During late spring and early summer, it is observed that solar radiation highly influences the
activity level as well as the duration spent on site by an individual. For instance, during lower air
temperatures, if more solar radiation is received and retained on site, it could prove beneficial in
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maintaining the required heat balance, providing comfort conditions to the users. Similarly, it may
have reverse effect, for higher air temperatures. With air temperature rising and increasing heat
gain, may lead to discomforting conditions for the users. In such conditions, the user’s would
prefer shade or would want to introduce some external cooling source for the body to maintain
equilibrium. To avoid the heating of the space due to the solar radiation, the heat gain should be
tracked, stored and made efficient use of on site.
Suggestions:
During late spring, due to warm climatic conditions on site, the users accessing the semi-open
outdoor spaces, would feel very hot and won’t find the environment to be comfortable during most
of the day time. However, if environmental parameters can be controlled through design solutions,
users could still carry out activities and spend leisure time without being at risk.

Figure 62 Thermal Mass Storage and Radiant Heating/Cooling Systems (Drawn by Author)
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Also, during late spring days, the heat absorbed by the floor surface during the daytime, would
radiate slowly in the evening, leading to a significant floor-to-ceiling temperature difference.

Figure 63 Water body and misting systems (Drawn by Author)
As the temperature rises, the dry heat in desert climate of Las Vegas is usually free from water
vapor or at times has very little to no moisture in air. In this kind of weather, our body need to take
in sources of water to keep ourselves hydrated. As an example, we would intake saliva or humidity
received through respiration, due to which we tend to breathe harder that further leads to drying of
our mouth. As dehydration is felt more, having a water body source such as water fountain or
venting-misting system would be of help (Figure 63). Evaporated water from these systems could
decrease air temperatures and raise local humidity some moisture on site; both effects that would
help to reduce the heat gain on an individual’s body.
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Figure 64 Proposed Landscape Pattern and Weather-lock Entrances as Thermal Barriers (Drawn
by Author)

Figure 65 Strategic planning of landscape on-site (Adapted from Wang, Eddie S. Y. and Jerde
Partnership, 1992 via Liu Yihong, 1993)
It can also be argued that the use of plants and vegetated surfaces, combined with circumstances
of location along with shade of surrounding objects and suitable shade structures with appropriate
81

ventilation control are substantially influential to create comfortable semi-open outdoor space
(Ruiz and Correa, 2014).
For example, consider providing vegetative shading to the areas that are prominently exposed to
harsh sunlight. Using landscape, as a barrier near the indoor-outdoor transition areas of the casinos.
Creating a barrier would help in ensuring smooth and efficient transition space for thermal
adaption from one space condition to another of the exteriors.

Figure 66 Form and Urban Layout (Drawn by Author)
Currently, there are two overlooking cantilevered spaces on-site (Figure 66). Implementation of
such spaces in multiple locations to ensure more functional outdoor usable space that lets one sit
and relax and still enjoy the experience. These projected outdoor seating spaces on Level 2 can act
as canopies for casino entrances on Level 1, reducing the direct exposure while transitioning from
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the indoor to the outdoors. This extended canopy would reduce the ceiling height for Level 1 and
can be utilized to create a thermal buffer to differentiate between the interior and exterior
conditions. Concepts like two rows of entrance doors and planned vegetation below the entrance
canopy can prove beneficial while creating such thermal barriers.
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CHAPTER 6

CONCLUSIONS
This study evaluated the human thermal comfort in transition spaces of the Fremont Street
Experience recreation facility for a period of two days (one weekday and weekend) each month,
starting from January 2018 to May 2018.
The following summarizes the study’s conclusions:
In Las Vegas, if the majority of one's time has been spent indoors in air conditioning during
summers, one might feel that they have stepped into a furnace as they are transitioning to the
exterior space. It is imperative for the acclimatization to be gradual and not drastic to avoid any
health problems.
Evaluating the current thermal conditions highlights the important effect of MRT on variations of
the thermal index especially during the hours around solar noon. As shown in the field
measurement analysis, adoption of the previously mentioned design solutions could increase the
duration of acceptable conditions within the semi-open outdoor space of the Fremont Street
Experience. Outdoor spaces could be created to accommodate with the climatic conditions of each
particular region to enhance the quality of outdoor life. It is recommended that architects, planners
and urban designers consider design features and engineered solutions in shaded outdoor spaces
in order to achieve suitable thermal comfort levels specifically in the desert climate of Las Vegas.
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6.1
•

Future Scope of Work:
Climate analysis and its relationship with user’s behavioral pattern throughout the year can
be studied to further understand the effects of summer & winter conditions on the thermal
comfort of the users of Fremont Street Experience.

•

Temperature difference and correlation between indoor, outdoor and transition space can
be researched in-depth. Also, understanding how much of an impact architectural form and
intricacy has in creating the difference.

•

The comfort analysis using the adaptive method can be analyzed for FSE and can be
compared with the PMV method results.

•

More in-depth research can be done on what types of plants would facilitate the vegetative
shading strategies.

•

A detailed analysis of how the waste water from the adjacent casino buildings can be
filtered for re-use in radiant heating systems.
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APPENDICES
Appendix A
CBE Thermal Comfort Tool Input Charts..................................................................87
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Appendix A
CBE Thermal Comfort Tool for ASHRAE Standard 55-2017 was used to understand
thermal comfort conditions using psychrometric chart. Using PMV method, values for measured
air temperature, air speed and humidity were input in the tool. Measured values of globe
temperature were used to determine the mean radiant temperature. Also, considering personal
factors such as metabolic rate and clothing level, values were assigned based on the observation
of average clothing insulation and three average activities of seating, standing and walking (3mph).
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CBE Thermal Comfort Tool Input for 25 January 2018, Site-1, Seated Individual-9 AM to 9
PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 25 January 2018, Site-2, Seated Individual-9 AM to 9
PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 25 January 2018, Site-1, Standing Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 25 January 2018, Site-2, Standing Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 25 January 2018, Site-1, Walking Individual-9 AM to
9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 25 January 2018, Site-2, Walking Individual-9 AM to
9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 27 January 2018, Site-1, Seated Individual-9 AM to 9
PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 27 January 2018, Site-2, Seated Individual-9 AM to 9
PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 27 January 2018, Site-1, Standing Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 27 January 2018, Site-2, Standing Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 27 January 2018, Site-1, Walking Individual-9 AM to
9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 27 January 2018, Site-2, Walking Individual-9 AM to
9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 6th February 2018, Site-1, Seated Individual-9 AM to
9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 6th February 2018, Site-2, Seated Individual-9 AM to
9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 6th February 2018, Site-1, Standing Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 6th February 2018, Site-2, Standing Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 6th February 2018, Site-1, Walking Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 6th February 2018, Site-2, Walking Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 16th February 2018, Site-1, Seated Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 16th February 2018, Site-2, Seated Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 16th February 2018, Site-1, Standing Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)

108

CBE Thermal Comfort Tool Input for 16th February 2018, Site-2, Standing Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)

109

CBE Thermal Comfort Tool Input for 16th February 2018, Site-1, Walking Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 16th February 2018, Site-2, Walking Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 8th March 2018, Site-1, Seated Individual-9 AM to 9
PM (Readings taken at 3-hour interval)

112

CBE Thermal Comfort Tool Input for 8th March 2018, Site-2, Seated Individual-9 AM to 9
PM (Readings taken at 3-hour interval)

113

CBE Thermal Comfort Tool Input for 8th March 2018, Site-1, Standing Individual-9 AM to
9 PM (Readings taken at 3-hour interval)

114

CBE Thermal Comfort Tool Input for 8th March 2018, Site-2, Standing Individual-9 AM to
9 PM (Readings taken at 3-hour interval)

115

CBE Thermal Comfort Tool Input for 8th March 2018, Site-1, Walking Individual-9 AM to
9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 8th March 2018, Site-2, Walking Individual-9 AM to
9 PM (Readings taken at 3-hour interval)
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CBE Thermal Comfort Tool Input for 18th March 2018, Site-1, Seated Individual-9 AM to
9 PM (Readings taken at 3-hour interval)

118

CBE Thermal Comfort Tool Input for 18th March 2018, Site-2, Seated Individual-9 AM to
9 PM (Readings taken at 3-hour interval)

119

CBE Thermal Comfort Tool Input for 18th March 2018, Site-1, Standing Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)

120

CBE Thermal Comfort Tool Input for 18th March 2018, Site-2, Standing Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)

121

CBE Thermal Comfort Tool Input for 18th March 2018, Site-1, Walking Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)

122

CBE Thermal Comfort Tool Input for 18th March 2018, Site-2, Walking Individual-9 AM
to 9 PM (Readings taken at 3-hour interval)

123

CBE Thermal Comfort Tool Input for 7th April 2018, Site-1, Seated Individual-9 AM to 9
PM (Readings taken at 3-hour interval)

124

CBE Thermal Comfort Tool Input for 7th April 2018, Site-2, Seated Individual-9 AM to 9
PM (Readings taken at 3-hour interval)

125

CBE Thermal Comfort Tool Input for 7th April 2018, Site-1, Standing Individual-9 AM to 9
PM (Readings taken at 3-hour interval)

126

CBE Thermal Comfort Tool Input for 7th April 2018, Site-2, Standing Individual-9 AM to 9
PM (Readings taken at 3-hour interval)

127

CBE Thermal Comfort Tool Input for 7th April 2018, Site-1, Walking Individual-9 AM to 9
PM (Readings taken at 3-hour interval)

128

CBE Thermal Comfort Tool Input for 7th April 2018, Site-2, Walking Individual-9 AM to 9
PM (Readings taken at 3-hour interval)

129

CBE Thermal Comfort Tool Input for 18th April 2018, Site-1, Seated Individual-9 AM to 9
PM (Readings taken at 3-hour interval)

130

CBE Thermal Comfort Tool Input for 18th April 2018, Site-2, Seated Individual-9 AM to 9
PM (Readings taken at 3-hour interval)

131

CBE Thermal Comfort Tool Input for 18th April 2018, Site-1, Standing Individual-9 AM to
9 PM (Readings taken at 3-hour interval)

132

CBE Thermal Comfort Tool Input for 18th April 2018, Site-2, Seated Individual-9 AM to 9
PM (Readings taken at 3-hour interval)

133

CBE Thermal Comfort Tool Input for 18th April 2018, Site-1, Walking Individual-9 AM to
9 PM (Readings taken at 3-hour interval)

134

CBE Thermal Comfort Tool Input for 18th April 2018, Site-2, Walking Individual-9 AM to
9 PM (Readings taken at 3-hour interval)

135

CBE Thermal Comfort Tool Input for 9th May 2018, Site-1, Seated Individual-9 AM to 9 PM
(Readings taken at 3-hour interval)

136

CBE Thermal Comfort Tool Input for 9th May 2018, Site-2, Seated Individual-9 AM to 9 PM
(Readings taken at 3-hour interval)

137

CBE Thermal Comfort Tool Input for 9th May 2018, Site-1, Standing Individual-9 AM to 9
PM (Readings taken at 3-hour interval)

138

CBE Thermal Comfort Tool Input for 9th May 2018, Site-2, Standing Individual-9 AM to 9
PM (Readings taken at 3-hour interval)

139

CBE Thermal Comfort Tool Input for 9th May 2018, Site-1, Walking Individual-9 AM to 9
PM (Readings taken at 3-hour interval)

140

CBE Thermal Comfort Tool Input for 9th May 2018, Site-2, Walking Individual-9 AM to 9
PM (Readings taken at 3-hour interval)
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